Abstract Here we present new data on relative abundance and diet of Bradypus tridactylus Linnaeus, 1758 resulting from 2,505 km of river based surveys conducted in northern Amazonia. Our sampling effort using a motorized boat provided a low number of B. tridactylus detections (n = 4, relative abundance of 0.02 indiParkia velutina Benoist (Leguminosae -Mimosoideae) consumption for B. tridactylus. We contribute with recommendations of standardized complementary survey techniques that can be used to provide data on relative abundance of arboreal mammals such as sloths in tropical forests.
Sloths are folivorous, arboreal mammals that -der Folivora (Wilson & Reeder, 2005) . Despite their wide distribution across Neotropical forests, few studies describe the ecology and behavior of sloths (but see Carvalho, 1960; Montgomery & Sunquist, 1975; Queiroz, 1995; Chiarello, 1998; Taube et al., 1999; Taube et al., 2001; Bezerra et al., 2008; Cassano et al., 2011) . One reason for this relative scarcity of -rience in detecting sloths that often remain stationary and obscured from vision in the forest canopy (Brattstrom, 1966) .
Bradypus tridactylus, the pale-throated threetoed sloth, occurs in the northern Neotropics in Venezuela, Guyana, Suriname, French Guiana, and northeastern Brazil from the delta of the Orinoco River to north of the Amazon River and east of Negro River (Hayssen, 2009; Moraes-Barros et al., 2010; Chiarello & Moraes-Barros, 2011) . Due to the cam-B. tridactylus (Hayssen, 2009 ) and the general behavior of moving very slowly in trees, thus avoiding predation largely by preventing detection (Brattstrom, 1966) it is dif-B. tridactylus surveys (e.g., line-transect census). Thus, the majority of studies available for B. tridactylus come from captivity and museum specimens and have focused on physiology, metabolism, morphology, and molecular phylogeny (Foley et al., 1995; Gilmore et al., 2000; Green, 2009; Moraes-Barros et al., 2011) .
Studies reporting abundance and density estimates of B. tridactylus are scarce. For example, in a total line transect census effort of 1,739.6 km in the southern Amazonia, sloths were not detected of B. tridactylus were made during 2,192 km of census in Varzea and Terra Firme forests in central-western -mates were reported from Guyana (31 individuals/ km 2 ) (Beebe, 1926) and from a rescue operation in French Guiana (Taube et al., 1999) . From this rescue operation Taube et al. (1999) provide a density estimate considering the entire study area (1.7 individuals/km 2 ) and a corrected estimate considering only the area surveyed (9.0 individuals/km 2 ).
Additionally, behavioral data are also lacking for this species. For example, there is only one study with observations on the diet of this species (Carvalho, 1960) . Currently, most of the knowledge on the behavior of B. tridactylus is inferred from its Amazonian congener B. variegatus (Emmons & Feer, 1997) , which is considered to have similar biology and behavior (Eisenberg & Redford, 1999) .
In this study, we present new information on the relative abundance and diet of B. tridactylus observed along waterways in a continuous forest area in northern Amazonia. We also contribute with discussion of standardized survey techniques that can be used to complement ecological studies of sloths.
The study was conducted around the Floresta 412,000 ha designated for sustainable use, located in northern Amazonia (0°55'29''N, 51°35'45''W;  ). FLONA is adjacent to continuous undisturbed forests and maintains the complete community of medium and large bodied vertebrates. This protected area experiences low levels of anthropogenic perturbations (e.g. subsistence hunting), in part because only thirteen families live on the reserve border, and the nearest city is located 46 km away by river (Brandão & Silva, 2008) .
From March 2011 to February 2012 we conducted surveys of mid to large bodied vertebrates along waterways (Araguari and Falsino Rivers) in a motorized boat using a standardized boat census et al., 2011) . To optimize detections the boat was piloted along the center of the rivers at a low speed (mean velocity ± SD = 11.9 ± 3.3 km/h, range = 3-20). At least three observers (range = 3-5) searched for vertebrates in the river (aquatic species), on the border of the river (terrestrial species), and along the tree line / canopy (arboreal species), with the help of binoculars. To avoid detection bias who had lived for more than 30 years in the study area and was trained to identify vertebrates, and one researcher with a minimum of 6 years experience with Neotropical vertebrate censuses. All censuses took place in rainless weather during the morning (08:00-11:59 hr) or afternoon (13:00-18:00 hr).
Here we present a subset of the data that provides information on the abundance and behavior of B. tridactylus. We analyzed boat census data in terms of individuals detected per 10 km travelled, which enables our data to be compared with other surveys et al., 2011).
In total, our census effort covered 2,505 km, including 1,677 km along the Araguari and 828 km along the Falsino rivers. Our sampling effort resulted in a low number of detections of B. tridactylus (n = 4), and a relative abundance of 0.02 individuals/10 km surveyed. Two B. tridactylus individuals were observed on 10 July 2011, at the end of the rainy season, when the river water levels in the study area were still high. The other two B. tridactylus were observed during the dry season (02 and 15 November 2011), when the river water levels were lower.
B. tridactylus occurred at 10:13 hr on 10 July 2011 along the Araguari River. The individual was observed eating leaves ( ) in the upper stratum of a low canopy tree at a height of 24 m (estimated visually from the boat at a perpendicular distance of 20 m). During the upper stratum of the tree canopy, eating leaves, but after 3 min it descended and disappeared into the dense under canopy vegetation at a height of ca.
the characteristic dorsal orange-yellow patch with a broad, tapering, black central streak and a black spot (Hayssen, 2009) 
(
). The tree was identiParkia velutina (Leguminosae -Mimosoideae) Herbarium number: HAMAB-18234).
The second observation occurred at 14:56 hr on 10 July 2011. We observed another B. tridactylus individual at the edge of the Araguari River supported between vines at a height of 0.5 m above the water line. We remained in the boat at a distance of approximately 15 m from the individual, which did not alter its behavior as a result of our presence. We observed this individual for a total of 7 min during which the animal climbed slowly through the vines until it disappeared into the forest.
The third observation occurred at 14:11 hr on 02 November 2011, when we observed a male B. tridactylus swimming across the Araguari River in the direction of the protected area. We observed this individual for a total of 13 min during which the animal reached the river bank and climbed a canopy tree.
The fourth observation occurred at 12:23 hr on 15 November 2011 along the Falsino River. We observed another B. tridactylus male along the border of FLONA at a height of 20 m above the water line (estimated visually from the boat at a perpendicular distance of 12 m). This individual was climbing a canopy tree and after 8 min of observation disappeared into the dense canopy vegetation.
provide information on the relative abundance and diet of B. tridactylus in a continuous forest area in the northern Amazonia. In general, density estimates for sloths vary greatly between studies, depending on forest type and census method, and it appears to -sities (Taube et al., 1999) .
The relative abundance of B. tridactylus detected in our study area was similar to those reported Terra Firme -0.02 individuals/10 km transect), and slightly higher than the abundance transect) in central-western Amazonia (Haugaasen underestimates due to limited visibility along transects. Our abundance estimate for the study area is also probably an underestimate.
Wildlife rescue operations such as the one conducted by Taube et al. (1999) will always provide a better estimate of sloth densities as the majority of animals are seen and rescued. Thus, animal records obtained from rescue operations will tend to be higher (Taube et al., 1999) than those observed on census surveys with no capture (Haugaasen & et al., 2011) . However, due to their sporadic nature estimates from rescue operations are unlikely to proNeotropical forests.
Obtaining reliable abundance estimates for sloths is challenging and there is currently no single technique that can provide cost effective data for comparative studies. Line transect census is widely used to study arboreal species such as primates in -tectability mean that this technique is less effective for sloths. The majority of Amazon forests are acces--gest that boat surveys should be used to complement more focused line transect and behavioral studies. Yet caution needs to be taken as results obtained by Male Bradypus tridactylus eating leaves of a Parkia velutina tree (Leguminosae: Mimosoideae) observed during boat surveys along the Araguari River on the boat surveys may tend to underestimate sloth abundances and should therefore be used to complement other techniques.
Although boat surveys can cause potential biases by failing to detect species that avoid rivers, are are spooked by the noise of boats, the method has a high data-to-cost ratio and a high potential for longterm monitoring. Additionally, this technique is capable of detecting a broad range of species, ranging from small cryptic (e.g., Saimiri boliviensis) to large bodied vertebrates (e.g., Panthera onca et al., 2011) . A particular advantage of boat surveys compared with terrestrial forest survey techniques such as line transect census is that the canopy is visible. Such advantages combined with the fact that researchers often use boats to access Amazonian study areas means that standardized boat surveys have the potential to provide a cost effective source of complementary data on sloth ecology.
As well as abundance estimates, our results show that boat surveys can also contribute with data on species natural history and behavior. We provided data on displacement (swimming) across rivers, which is a rarely documented behavior. We also proleaves of the genus Parkia and the species P. velutina (Leguminosae -Mimosoideae) for B. tridactylus. The only previous description of the diet of wild B. tridactylus Brazil) where this species was recorded eating leaves of Hevea viridis Huber. (Euphorbiaceae), Elizabetha paraense Ducke. (Leguminosae -Mimosoideae), and Ceiba sumauma Schum. (Bombacaceae) (Carvalho, 1960) . In our study area, Leguminosae is the dominant family accounting for 23.9% of the species surveyed in a et al., 2007 ). Yet there are no studies available to enable insights into the relative generality or selectivity of B. tridactylus feeding patterns.
Considering the lack of knowledge of this species and other sloths there is clearly a need to impleincorporated into current studies with a minimal increase in time and costs to improve the quantity and quality of existing data. This is especially true in remote Amazonian areas where access for researchers is provided by boat travel and terrestrial census and et al., 2011) .
We suggest that by integrating boat surveys with existing survey techniques it may be possible to cost-effectively generate broad scale comparative data on the distribution and abundance of sloths across Amazonia. Boat surveys can be conducted by people from the local community trained to identify sloths and other vertebrate species (Danielsen et al., 2009) . These people could combine the census technique with other activities (e.g., displacement to of time and money. This strategy could increase the number of sloths observed, sampling effort, and the et al., 2011) as well as provide data on natural history of poorly studied sloth species.
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